SUMMARY A type of electromyographic activity, formerly referred to as "pseudomyotonia", can be recorded from the striated muscle of the urethral sphincter using a concentric needle electrode. There are two components to this activity, complex repetitive discharges and decelerating bursts. The latter usually dominate recordings and sound very like myotonic discharges. Analysis of these discharges indicates that they are a form of "bizarre repetitive discharge", and as such, result from ephaptic spread of excitation between muscle fibres rather than from excitation arising in the terminal branches of the motor axon. Profuse activity of this type has been found in 15 women with symptoms of urethral dysfunction, including 11 with urinary retention. It is suggested that this activity is associated with a failure of urethral sphincter relaxation.
The striking EMG activity that may be recorded from the urethral sphincter with a needle electrode, was first reported as "pseudomyotonia" by DiBenedetto and Yalla in 1979.' Other reports of this activity in the urological literature have subsequently adopted the same terminology,24 with the exception-of Dyro et al,5 who used the term "complex repetitive discharges". Because such confusion surrounds the term "pseudomyotonia", we have avoided it and in a recent publication referred to the activity as " complex repetitive discharges" plus "decelerating burst" discharges. 6 Although the term "complex repetitive discharges" introduced by Dyro et al' is very appropriate, it does not encompass the dominant component of such recordings, the bursts of activity which have a decelerating rate and therefore sound so like myotonic discharges. We discuss later the electromyographic terminology used to describe various abnormal discharges recorded from muscle.
The significance of decelerating burst and complex repetitive discharge activity in the urethral sphincter has been obscure. It has been reported in adults and children with a wide range of urological complaints. 235 We have previously reported the findings of profuse amounts of this EMG activity in five women who presented with the isolated symptom of persisting urinary retention. 6 We suggested that this type of EMG activity may be associated with a failure of relaxation of the sphincter, with important functional consequences.
We report here a larger group of patients in whom we have recorded decelerating bursts plus complex repetitive discharges. For each patient we have tried to quantitate the amount of abnormal EMG activity and consider this in the context of the individual's urological symptoms.
Method
Details of the method we have used to record EMG activity with a concentric needle electrode from the urethral sphincter have already been published.7 Motor units in the striated muscle of the urethral sphincter fire tonically and electrical silence in this muscle occurs just prior to, and during micturition. Motor units from this tonically firing population were isolated using a trigger and delay line, and measurements made of amplitude', duration and polyphasicity from film.
Decelerating bursts plus complex repetitive discharges were found to be infrequent in some patients but profuse in others. To quantify this activity in each patient we have used the following simple scale: I: transient bursts occurring only on needle movement. II: bursts occurring with needle movement but also 
When the needle is in close proximity to muscle fibres contributing to the activity, complex repetitive discharges produce a "buzzing" sound, whereas decelerating bursts sound like dive bombers or motor cycles. Distant decelerating bursts have been said to resemble the "the underwater chorus of whales."2 Electrical activity produced by decelerating bursts appears to be well transmitted through tissue as their distant activity may be heard in some cases before the needle tip is recording sharp motor units. Remote discharging activity is better heard than seen.
In all patients with spontaneously occurring activity (that is, Grades III-V), we have heard both complex repetitive discharges and decelerating bursts. In one patient complex repetitive discharges were more common than decelerating bursts, but otherwise decelerating bursts dominated the recordings. Decelerating bursts may arise out of a background of normal tonically firing motor units, or may follow complex repetitive discharges. Complex repetitive discharges alone may also be heard but tend to occur in pseudo-rhythmic bursts with a frequency of 1-3 Hz.
In a single patient (Case 23) we had the opportunity to record from the urethral sphincter as she was being anaesthetised for a urinary diversion procedure. Following induction with thiopentone, at a time when skeletal striated limb muscles were electrically silent but spontaneous respiration was still maintained, tonically firing motor units were recorded from the urethral sphincter; in addition decelerating bursts could also be recorded. With curarisation both decelerating bursts and tonic motor unit activity were lost.
Decelerating bursts and complex repetitive discharges recorded on tape and analysed on play back with the aid of a trigger and delay line show a high degree of stability exhibited by repetitively firing complexes ( fig 1A and B) . The low jitter of interpotential intervals of the early phases of a repetitively firing complex contribute to the remarkable reproducibility of the complexes, as shown by the superimposition of five complexes in fig 1A and Table 2 summarises the essential electrophysiological characteristics of myotonia, bizarre high frequency discharges and neuromyotonia. Until there is agreement on the exact meaning of the term "pseudomyotonia", its use will continue to confuse. We therefore prefer the terms decelerating burst and complex repetitive discharge. Dyro et a15 have already applied the term "complex repetitive discharge" to this activity. The additional term "decelerating burst", gives an indication of the striking and dominant activity that may be confused with myotonia.
The origin and spread of decelerating bursts and complex repetitive discharges Our studies confirm the observations of transmission others,' 2-5 that this type of activity is not infrequently recorded from the urethral sphincter with a needle electrode. We previously suggested6 that this EMG abnormality was a form of neuromyotonia, thinking that the activity arose in distal branches of the motor axon. (see table 2 ) However, the IP jitter of complexes in neuromyotonia is typical of neuromuscular transmission and greater than that demonstrated here.'2 We are now therefore of the view that this activity is a form of "bizarre highfrequency discharges" ,12 or "bizarre repetitive discharges".' The activity that we have recorded from the sphincter seems to differ from complex repetitive discharges recorded from striated skeletal muscle 13 in that profuse decelerating bursts usually dominate the recording from the urethral sphincter.
Stalberg and Trontelj argue that repetitive activity which shows less than 5 ,us interpotential (IP) jitter can not arise via the motor end plates but must be due to ephaptic spread of excitation between low threshold sites from one muscle fibre to another. They also state that a uniformly decreasing firing rate is a feature of discharges initiated in muscle fibres.'2 We have demonstrated that repetitive discharges in the urethral sphincter have a very low IP jitter in early components and that a decelerating rate of firing is a prominent feature of decelerating bursts. It thus seems probable that decelerating bursts and complex repetitive discharges result from ephaptic spread of excitation between muscle fibres. Dyro et al were also of this opinion.5 That decelerating bursts plus complex repetitive discharges could not be recorded in a curarised subject indicates that the bursts must at least be initiated by neuromuscular transmission.
The question as to what normally prevents spread of electrical excitation from activated motor units to other muscle fibres in healthy skeletal striated muscle, has been addressed by Willison.'4 Muscle fibres within a motor unit are arranged in such a way that adjacencies are minimal. Thus the action currents of the hundreds of fibres which comprise a motor unit are distributed widely throughout the muscle. In addition the asynchronous nature of discharging motor neurons reduces the chances of many adjacent muscle fibres depolarising simultaneously. Only with collateral reinnervation can current densities reach sufficient magnitude to cause depolarisation of adjacent fibres. The high incidence of this type of ephaptic transmission in the urethral sphincter indicates that the muscle has a peculiar propensity to develop low threshold sites permitting spread of action currents between fibres.
In our studies special attention has been paid to detecting changes of reinnervation, as described in an earlier publication.' It may be difficult to distinFowler, Kirby, Harrison guish between complex repetitive discharge and polyphasic motor units from traces obtained during imperfect recording conditions. However if complex waveforms were obtained at a time when decelerating bursts or complex repetitive discharges were heard, it was assumed that the waveform was not that of a polyphasic motor unit. Most significantly, profuse decelerating bursts plus complex repetitive discharges were not found in sphincter muscles in which there was clear evidence of collateral reinnervation. Of the patients in whom abnormal motor unit parameters indicated reinnervation ie those with the Shy Drager syndrome, or pelvic nerve or cauda equina lesions,7 only a small proportion (four out of 34) had Grade I or II decelerating bursts plus complex repetitive discharges. We conclude from this, that decelerating bursts plus complex repetitive discharges do not simply accompany reinnervation. This is a further distinction between sphincter decelerating burst plus complex repetitive discharges and skeletal muscle complex repetitive discharges, since the latter are recorded from denervated or dystrophic muscle. '3 Urinary retention in women Successful voiding is the result of the co-ordinated relaxation of the sphincter and contraction of the bladder. In the absence of a gross neurological or anatomical abnormality, the cause of urinary retention in women is unknown. Obstructed urinary outflow in women is usually thought to arise at the bladder neck or distal urethra. The distal urethra is the more common urodynamically proven site for obstruction'5 and this corresponds with the anatomical site of the striated muscle of the urethral sphincter.
Various authors have expressed the view that isolated urinary retention in some women is a psychogenic disorder,'6-'8 whilst others'9 have attributed such retention to silent lumbar disc protrusion. An alternative theory was proposed by Raz and Smith.20 They described three women with urinary retention whose urodynamic studies demonstrated "external sphincter spasticity". They suggested that sphincter spasticity was much more common in female patients than previously considered. No neurophysiological explanation for isolated spasticity of the urethral sphincter was given however. Our finding of EMG activity which could be associated with a failure of relaxation of the urethra suggests a possible mechanism.
The women in this study, with the most severe persisting urinary retention, had large atonic bladders, presumably resulting from long term overdistention. Preceding the onset of retention, several of these women had histories of increased urinary fre- Theoretically, by abolishing abnormal muscle activity relaxation of the sphincter could be improved and voiding restored, provided the bladder had not been damaged by prolonged overdistention. A trial of the effect of phenytoin is currently in progress.
